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1
1 Brouwer
Brouwer $D^{n}=\{x\in R^{n}|\Vert x\Vert=1\}$ $D^{n}$ $D^{n}$








$p$ $(p\in Z)$ $X$ $H_{p}(X)$
$f:Xarrow Y$ $f_{*}:H_{p}(X)arrow H_{p}(Y)$
2.1. (1) $(id_{X})_{*}=id_{H(X)}:H_{*}(X)arrow H_{*}(X)$
(2) $f:Xarrow Y,$ $g:Yarrow Z$ $(g\circ f)_{*}=$
$g_{*}\circ f_{*}:H_{*}(X)arrow H_{*}(Z)$
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$H_{p}(D^{n})\cong\{\begin{array}{ll}0 (p\neq 0)Z (p=0)\end{array}$ $H_{p}(\mathscr{X})\cong\{\begin{array}{ll}0 (p\neq 0,n)Z (p=0,n)\end{array}$
Brouwer
$n=1$ $D^{1}$ $n\geqq 2$
$f:D^{n}arrow D^{n}$





$i_{*}=0:H_{n-1}(S^{n-1})arrow H_{n-1}(D^{n})$ $g_{*}\circ i_{*}=0$
$f(x)=x$ $x\in D^{n}$ I
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$f:S^{n}arrow S^{n}$ $f_{*}:H_{n}(S^{n})arrow H_{n}(S^{n})$ $H_{n}(S^{n})\cong Z$
$a\in H^{n}(S^{n})$ $f_{*}(a)=(\deg f)a$ $\deg f$
$\deg f$ $f$ Brouwer
2.3. $g:D^{n}arrow D^{n}(n\geqq 2)$ $D^{n}$ $S^{n-1}$ $g(S^{n-1})\subset S^{n-1}$
$\deg(g|S^{n-1})\neq 0$ $f:D^{n}arrow D^{n}$
$f(x)=g(x)$ $x\in D^{n}$
$f(x)=g(x)$ $x\in D^{n}$
$f(x)$ $g(x)$ $S^{n-1}$ $h(x)$
$h_{*}oi_{*}=(hoi)_{*}=(g|S^{n-1})_{*}:H_{n-1}(S^{n-1})arrow H_{n-1}(S^{n-1})$ $(i:S^{n-1}arrow D^{n}$
). Brouwer $i_{*}=0:H_{n-1}(S^{n-1})arrow H_{n-1}(D^{n})$
$f(x)\simeq g(x)$ $x$ $f$ $g$
Borsuk-
Ulam $f:S^{n}arrow R^{n}$ $f(-x)=f(x)$ $x\in S^{n}$





$D^{n}$ $S^{n}$ $p\neq 0$
$H_{p}(D^{n};Q)\cong O,$ $p=0$ $H_{p}(D^{n};Q)\cong Q,$ $p\neq 0,n$ $H_{p}(S^{n};Q)\cong O,$ $p=0,$ $n$
$H_{p}(S^{n};Q)\cong Q$
$X$ ( ) $f:Xarrow X$
$(f_{*})_{k}:H_{k}(X;Q)arrow H_{k}(X;Q)$ $f$ $k$
$f$ Lefschetz $L(f)$
$\Lambda(f)=\sum_{i=0}^{n}(-1)^{i}tr(f_{*})_{i}$ .
tr $(f_{*})_{i}$ $(f_{*})_{i}$ Lefschetz
Lefschetz $f$ : $Xarrow X$ $\Lambda(f)\neq 0$ $f$
$X=D^{n}$ $0$ $0$ $H_{0}(D^{n};Q)\cong Q$ tr $(f_{*})_{0}=$













$X$ $H^{p}(X)$ $X$ ( ) $P$ Alexander-Spanier
(\v{C}ech )
$f:Xarrow Y$ $H^{p}(Y)$ $H^{p}(X)$
$f^{*}:H^{p}(Y)arrow H^{p}(X)$ 21. (1)
$(idx)^{*}=id_{H(X)}:H^{*}(X)arrow H^{*}(X)$ (2) $f:Xarrow Y,$ $g:Yarrow$
$Z$ $(g\circ f)^{*}=f^{*}\circ g^{*}:H^{*}(Z)arrow H^{*}(X)$
$X$ (acyclic) $X$ $p\in Z$ $H^{p}(X)=$
0
, Vietoris
$X,$ $Y$ $p:Xarrow Y$
$P$ Vietoris
(i) $p:Xarrow Y$
(ii) $y\in Y$ $p^{-1}(y)$
Vietoris Vietori-Begle
3.1([6]). $p:Xarrow Y$ Vietoris $p^{*}:H^{*}(Y)arrow H^{*}(X)$
$X,$ $Y$
$X$ $Y$ $\varphi$ $x\in X$ $\varphi(x)$
$Y$ $\varphi:Xarrow$ $Y$




$x\in X$ $\varphi(x)$ $\varphi$
$\varphi$ $\Gamma_{\varphi}=\{(x, y)\in X\cross Y|y\in\varphi(x)\}$ $p_{\varphi}:\Gamma_{\varphi}.arrow X,$ $q_{\varphi}:\Gamma_{\varphi}arrow Y$
$\varphi:Xarrow Y$ $p_{\varphi}$ Vietoris 3.1
$p^{*}:H^{*}(X)arrow H^{*}(\Gamma_{\varphi})$ $(p_{\varphi}^{*})^{-1}q_{\varphi}^{*}:\overline{H}^{*}(Y)arrow\overline{H}^{*}(X)$
$X,$ $Y,$ $Z$ $\varphi:Xarrow Y,$ $\psi:Yarrow Z$





$\psi(x)=\{y\in S^{n}|\Vert x-y\Vert\leqq 3/2\}$
$\psi$ $\psi 0\psi$ $\psi\circ\psi(x)=S^{n}$ $S^{n}$
$p=n$ $H^{p}(S^{n})\cong Z$
$\varphi:Xarrow Y$ $X$
$\Gamma$ $p:\Gammaarrow X,$ $q:\Gammaarrow Y$ $p$
Vietoris $x\in X$ $q(p^{-1}(x))\subset\varphi(x)$ $\varphi$
admissible
$p,$ $q$ admissible $\varphi$ selected pair $(p, q)\subset\varphi$
$(p, q)\subset\varphi$ $p^{*}:H^{*}(X;Z)arrow H^{*}(\Gamma;Z)$
$(p^{*})^{-1}q^{*}:H^{*}(Y;Z)arrow H^{*}(X;Z)$
2 selected pair
admissible admissible selected pair
selected pair $\varphi:S^{n}arrow S^{n}$ $\varphi(x)=S^{n}$
$\varphi$ admissible map $\Gamma=S^{n},$ $p=id_{S^{n}}$ $q_{1}$ $q_{2}=id_{S^{n}}$
$(p, q_{1})\subset\varphi,$ $(p, q_{2})\subset\varphi$ $(p_{1}^{*})^{-1}q_{1}^{*}=0,$ $(p_{2}^{*})^{-1}q_{2}^{*}=id_{H^{*}(S^{n})}$
admissible
3.2. $X,$ $Y,$ $Z$ $\varphi$ : $Xarrow Y$ ,
$\psi$ : $Yarrow Z$ admissible $\psi\circ\varphi$ : $Xarrow X_{2}$ admissible
selected pair $(p_{1}, q_{1})\subset\varphi,$ $(p_{2}, q_{2})\subset\psi$
$\psi 0\varphi$ selected pair $(p, q)$
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$(p_{1}^{*})^{-1}q_{1}^{*}(p_{2}^{*})^{-1}q_{2}^{*}=(p^{*})^{-1}q^{*}$
$(p_{1}, q_{1})\subset\varphi,$ $(p_{2}, q_{2})\subset\psi$
$\Gamma=\{(z_{1}, z_{2})\in\Gamma_{1}\cross\Gamma_{2}|q_{1}(z_{1})=p_{2}(z_{2})\},$ $p(z_{1}, z_{2})=p_{1}(z_{1}),$ $q(z_{1}, z_{2})=$
$q_{2}(z_{2}),$ $f_{1}(z_{1}, z_{2})=z_{1},$ $f_{2}(z_{1}, z_{2})=z_{2},$ $g(z_{1}, z_{2})=q_{1}(z_{1})$
$a\in\Gamma_{1}$ $f_{1}^{-1}(a)$ $p_{2}^{-1}(q_{1}(a))$ $p=p_{1}\circ fi$ Vietoris






$(p, q)\subset\varphi$ $(p^{*})^{-1}q^{*}:H^{*}(X;Q)arrow H^{*}(X;Q)$






Lefschetz Lefschetz A $(\varphi)$ $Q$
Lefschetz
admissible Lefschetz ([1]). $X$
admissible $\varphi:Xarrow X$ $A(\varphi)\neq\{0\}$ $\varphi$ $x\in\varphi(x)$
$x\in X$
$X=D^{n}$ admissible $\varphi:D^{n}arrow D^{n}$












4.1. $g:S^{n}arrow S^{n}$ $x\in S^{n}$ $g(-x)=-g(x)$
$\deg(g)$
Borsuk-Ulam $f:S^{n}arrow R^{n}$
$x\in S^{n}$ $f(-x)\neq f(x)$ $f(x)-f(-x)\neq 0$
$g:S^{n}arrow S^{n-1}$ $g(x)=(f(x)-f(-x))/||f(x)-f(-x)\Vert$
$i:S^{n-1}arrow S^{n}$ $i\circ g:S^{n}arrow S^{n}$
$i\circ g(-x)=-i\circ g(x)$ $\deg(iog)$
$(iog)_{*}=i_{*}og_{*}$ $i_{*}:H_{n}(S^{n-1})arrow H_{n}(S^{n})$ $H_{n}(S^{n-1})$ $0$ $\deg(i\circ g)$
$0$ $f(-x)=f(x)$ $S^{n}$ $x$
$M,$ $N$ $n$
$H^{n}(M;Z)\cong H^{n}(N)\cong Z$ $M,$ $N$
$n$ $uM,u_{N}$
$\varphi:Marrow N$ admissible selected pair $(p, q)\subset\varphi$ $(p, q)$
$\deg(p, q)$ $(p^{*})^{-1}q^{*}(u_{N})=\deg(p, q)u_{M}$ $\varphi$
Deg$\varphi$
$Deg\varphi=\{\deg(p, q)|(p, q)\subset\varphi\}$





$\varphi:S^{2}arrow S^{2}$ $x\in S^{2}$ $\varphi(x)=$
$\{(y0, y_{1}, y_{2})\in S^{2}|y_{2}=0\}$
$\varphi$ admissible $\varphi(-x)=-\varphi(x)$
Deg$\varphi=\{0\}$
[1] $\varphi(-x)\cap(\varphi(x))=\emptyset$ $S^{n}$ $x$ Deg$\varphi\neq\{0\}$
$M$ $T:Marrow M$ $T^{2}=$ id$M$ $T$ $M$
$T$ $x\in M$ $T(x)\neq x$ $T$
$S^{n}$ $x\mapsto-x$ $T$
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$n$ $M$ $f:Marrow S^{n}$ $f(T(x))=-f(x)$
[4]
4.2. $M$ $n$ $M$ $T$
$f:Marrow S^{n}$ $f(T(x))=-f(x)$ $\deg f$
admissible $\varphi:Marrow S^{n}$ $x\in M$ $\varphi(T(x))\cap\varphi(x)=\emptyset$
$m$ Deg$\varphi=\{m\}$
[4] 2 $Marrow M_{T}$ ( $M_{T}$ $T$ ) lStiefel-
Whuitney $c(M,T)$ $c(M,T)^{n}\neq 0$
$f:Marrow S^{n}$ $f(T(x))=-f(x)$ $\deg f$
$n$ $M$ $T$ $H^{n}(M;Z)$ $u_{M}$
$T_{*}(u_{M})=u_{M}$ $T$ $T_{*}(u_{M})=-u_{M}$ $T$
$x$ $\varphi(-x)\cap(-\varphi(x))=\emptyset$
4.3. $M$ $n$ $M$ $T$
admissible $\varphi:Marrow S^{n}$ $x\in M$ $\varphi(T(x))\cap(-\varphi(x))=$
$\emptyset$ $m$ Deg$\varphi=\{m\}$ $T$
Deg $\varphi=\{0\}$
$\varphi:S^{n}arrow S^{n}$ $x\in S^{n}$ $\varphi(x)=S^{n}$ Deg$\varphi=Z$
4.4. $M$ $n$ admi-ssible $\varphi:Marrow S^{n}$
$a\in M$ $\varphi(a)=S^{n}$ $a$ $\varphi$ selected pair $(p, q)$
$p^{-1}(a)$ Deg$\varphi=Z$
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